Methods of preparation, optical properties, and X -ray diff raction data a re repo r tcd for s ix barium a lum ina te h ydrates. Three of these were obtained successiv ely by precipitation from supe rsatura ted ba rium a lumina te solution s at 30° C. The first, des ignated by t he empi ri cal formu la 1.1BaO.AI20 3.6H,O, is metastable with respect to the seco nd , BaO.A I20 3.-7H20, wh ich in t urn is metastab le wi th respect to BaO.A1 20 3.4 H 20. Two lowe r h ydrates, BaO.AI20 3.2H 20 and BaO.AI20 3 .H20, we re p repared h yd rotherma ll y. 2BaO.AI20 3.5H 20 was obtain ed from boiling barium a lum inate solu tion s.
I. Introduction
For several years, th e calci um alumina tes and their hyd ration products have b ee n studied by a number of investigators in various countri es. The wLdespread inter est in these co mpounds resul ted chiefly from their importance in relation to hydrauhc cem ents. In spite of the large amount of work that has b een done, it cannot be said that the relationships of the variou s hydrated calcium alumina tes are fully establish ed. Among the difficul tles connected wi th the problem are the low solubili ties of the hy drates, extreme fineness of precipitates, slowness of approach to equilibrium, and persistence of metastable phases.
In view of these difficul ties it was considered possible t hat a study of the aluminates of barium migh t disclose a seri es of an alogous co mpounds from which mi ght be drawn some inferences as to th e nature of the calcium aluminates. I t was known that the solubiliti es of the barium compounds w er e mu ch higher , and it seem ed not unlikely that the other difficul ties might also be minimized. During the course of this investigation it soon became apparent that the hydrated aluminates of barium were in no way analogous to those of calcium ; nevertheless, the stud y was continued b ecause of the importance of the barium compounds th emselves . The barium aluminates h ave found application in water purification, a nd it h as b een proposed that barium compounds might replace those of calcium in cements for special purposes.
The h ydrated barium alumina tes have b een Barium Aluminate Hydrates studied by several investigato rs, nota bly E. B eckmann [1] I and G. M alquo ri [2] . The latter gives a sol ubili ty diagram for th e system BaOAlzOr H 20 at 20° 0, and indicates that the compound s B aO.AI20 o.6HzO and 2BaO.Alz0 3.5H 20 occur as primary phases at th is temperature. B eckmann r eports a compound 3BaO.Al20 3.XHzO, in addi t ion to the other two, and the BaO: Al20 3 ratio of the 1: 1: 6 compound is said to be variable. N ei ther optical nor X -ray data were found in th e literature for any of th e barium al umina te hy drates.
II. Methods
The general m ethod used in the present investigation was similar to that employed in the study of the calcium aluminates [3] . Supersaturated solutions of alumina in barium hydroxide were prepared and all owed to stand, with occasional shaking, at 30° C. The precipitates were observed under the microscope from time to time, and changes in con centrat ion of the solutions were determined by analysis. Various m ethod s wer e used for preparation of the supersaturated solutions. The most satisfactory was the treatment of anhydrous barium alum in ate with sufficient water to cause practically complete hy drolysis and precipitation of hy drated alum ina, followed by boiling with barium hy droxide solution to dissolve the alumina. The solution was then filtered promptly while still hot. The anhydrous aluminate used for the purpose was either BaO.Alz0 3 I F igures in brackets indicate the l iterature referen ces at t he end of this paper. or 3BaO.Alz0 3 or a mixture of the two, as desired , prepared by h eating a mixture of barium carbonate and gibbsite (Alz0 3.3H zO), in the desired proportions, at about 1,300° C. Th e products usually contained a Ii ttle insoluble material, probably corundum, but this did not affect their usefulness.
Oth~r methods of preparation of the solutions included treatment of gibbsite with boiling barium hydroxide solution, similar treatment of freshly precipitated alumina, and the interaction of barium hydroxide and aluminum sulfate in solution. Reagent grade chemicals were used except in the case of the gibbsite, which was a commer cial product containing 0.30 percent of soda. Solutions were handled as rapidly as possible and flasks were tightly stoppered, but no other . precautions were taken to avoid the action of carbon dioxide. Carbonation proceeded rapidly whenever the strongly basic solu tions were exposed to the ail', but the amount formed appeared insufficient to seriously affect the analysis of the solid phases.
The general procedure outlined above was des igned to yield data from which a diagram of equilibrium at 30° C could be drawn. It has b een found , however, that equilibrium in this system is not attained even after several months, and further work will b e required b efor e the equilibrium diagram can be establish ed . The following generalizations may b e made, however: (1) From solutions low in BaO, hy drated alumina is precipitated as the primary phase; (2) From solutions sufficiently high in BaO, hydrated barium hydroxide, Ba (OH)2.8H20 , is precipitated as the primary phase. The limiting concentration for this phase, with no alumina present, is about 50 g BaO per liter and increases somewhat with increasing alumina con centration ; (3) From solutions intermediate in BaO, three hydrated barium aluminates are precipitated successively, if the alumina concentration is about 15 g/liter or higher. From solutions lower in alumina, the second member of the series is formed directly. These t hree hydrates all have BaO :A120 3 ratios close to 1: 1. The fact that they are sometimes formed in contact with solid Ba (OH)2.8H20 suggests that no more basic barium aluminate hydrate exists as a stable phase at 30° C.
In addition to the hydrates precipitated at 30° C, one compound was obtained from boiling solutions, as described below, and two were prep ar ed 104 by hydrothermal syn th esis. In the latter procedure, the material to be treated was placed in a 3-ml platinum thimble, which was capped loosely and then placed in a bomb-type autoclave containing sufficient water to saturate tho enclosed air at the temperatures used. The thimble was supported above the water level by means of a coiled wire in ordef to minimize the loss of dissolved substances. The autoclave was heated in a specially designed furnace [4] or, at the lower temperatures, in an ordinary laboratory oven.
In the chemical analysis of the product.s synthesized, the percentage of water was calculated from the ignition loss at 900° C, with no correction for carbon dioxide. Microscopic examination indicated that the amount of carbonation was negligible. Alumina and barium oxide were determined by the usual gravimetric methods.
The refractive indices reported are for sodium vapor light. X -ray powder patterns were made on an X-ray spectrometer with a Geiger-counter and automatic recorder, using copper Ka radiation.
III. Results
The various hydrates synthesized are described below:
1.1BaO.A1203.6H20 -The compound that is precipitated firs t from highly sup ersaturated barium aluminate solutions, as described above, may be designated by this empirical formula. Analyses of six preparations indicated BaO: A120 3 ratios of 1.14, 1.12, 1.12, 1.14, 1.12, and 1.11 , respectively. The ratios of H 20 to Al20 3 in the same preparations were 6.1, 6.2, 6.0, 6.1, 6.0, and 5.9. The slight variation in BaO: Al20 3 ratio bore no observable relation to the concentration of th e solution , and may b e ascribed to experimen tal error. The departure from a 1: 1 ratio is in agreement with the findings of E. Martin [5] , who claims to have isolated a compound, 11BaO. 10A120 3.xH20 . B eckman [1] and Malquori l2] also reported ratios greater than unity. The actual stoichiometric ratio remains in doubt. Thermal analysis indicates that most of the water is liberated below 160° C.
This compound was precipitated from solu tions of proper concentration, but formed rather slowly. From one solution in which the concentration of Al20 3 exceeded 17 gjliter, precipitation commenced almost at once, but in more dilute solutions pre-cipitation was first observed after several days. Consta11t agitation appeared to h ave little if any effect at first, but probably accelerated precipitation after it had once started . The compound exists in the form of needle-shaped crystals ( fig. 1 and imparts to the r eaction mixtures the" silky" appearance characteristic of crystals of this shape. Optically it is slightly birefringent, biaxial positive; a = 1.535, 'Y = 1.540; the elongation is positive. X -ray diffraction data are given in table 1.
Precipitation of this compound continues slowly for approximately a week, after which there appears a new crystal phase, described in the following paragraph. The needle crystals simultaneously disappear, and the excess BaO goes into solution . The transformation requires several days for completion, the time b eing somewhat variable.
BaO.Al20 3.7H20-This compound is produced by transformation of th e 1.1 :1:6 hydrate described above, and is also precipitated as the primary phase Barium Aluminate Hydrates Three analyses of one preparatioll gave an average molar ratio of 0.97 BaO:1Al20 3:6. 75H20. In another preparation, t he ratio of BaO to A120 3 was th e same, but in two separate samples filtered off at different times, the ratio of H 20 to A120 3 \vas 6.80 in one case and 6.65 in the other. These samples had been ' washed with alcohol and eth el', and it is beli eved that part of the water of crystallization is so loosely bound that it is removed by such treatment. Thermal analysis indicates that most of the water is driven off below 120° C. Microscopic examination revealed the presence of a small amount of impurity believed to be hydrated alumina. This would explain the slight excess of Alz0 3 over BaO. The compound appears in the form of exceedingly thin flakes , approximately rectangular in outline ( fig. 2) . The crystals obtained were too small to permit a determination of optical character and sign. Tho indices of refraction arc a = 1.538, ' )" = 1.556. The elongation is positive. X-ray data are given in table 1.
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On standing for several months, the reaction mixtures continued to precipitate this compound slowly until the concentration of Alz0 3 was of the order of 8 gjli tel'.
BaO.A120 3.4H20 -This compound was first observed in one of the reaction mixtures described above. It had stood at 30° C for 4 months, and apparently a state of equilibrium had been reached 106 between the solution and the precipitate of BaO .Al20 3• 7HzO. The new phase occurred as prismatic crystals, averaging 2 mm' in length (fig 3) . Because of their size, they were readily separated from the hexahydrate for examination and anal- ysis. The BaO :A120 3 :H20 ratio was calculated to be 0.97:1 :3 .90, from which it was assumed that the formula was BaO.A120 3 .4H20 . Later the same phase, in considerably different crystalline habit ( fig. 4 ) appeared in several other reaction mixtures. X-ray diffraction and optical data showed it to be identical with the prismatic form. Analysis of two preparations gave the following ratios: 0.98BaO:1Al20 3 :3.94H20 and 0.99BaO:1Al20 3 : 3.94H20. Refractive indices of the tetrahydrateare a = 1.625, /3 = 1.628,,),, = 1.650. It is biaxial positive. The crystals of prismatic habit are usually twinned. X-ray data are given in table l.
The three compounds described above were the only barium aluminate hydrates formed at 30° C in any of the reaction mixtures studied. It is obvious that the first two are metastable with respect to the third, at least over a certain range of concentration not yet defined. It appears certain, also, that the heptahydrate is less stable at higher temperatures. This is supported by the following experiment. A sample of BaO.AI20v 7H20 in contact with barium aluminate solution was withdrawn from a reaction mixture that had stood for 4 months at room temperature without apparent change. The ample was held at 60 0 C for 7 days, at the end of wh ich time it was found to have been changed completely to BaO.AI20 3.4H20 .
BaO.Alz0 3.2H20 -By hydrothermal treatment I of the h eptahydrate preparation described in the preceding paragraph, a new crystalline compound was obtained. The molar ratio indicated by analysis was O.99BaO: 1Alz0 3:2.00HzO; it may thus be considered a dihydrate of BaO.AIz03. The same compound , with minor variations in crystal habi t, was obtained from samples held at various temperatures ranging from 124 0 to 215 0 C, for periods of 2 to 4 days. (See table 2 .) At lower t emperatures the tetrahydrate was formed (sec above), while at higher temperatures the monohydrate describ ed below was produced . .6 ) approximating this formula was first obtained by hydrothermal treatment of anhydrous BaO.Al20~ for 7 days at 275 0 C. The same compound was later prepared in the same manner at temperatures ranging from 260 0 to 350 0 C, also by hydrothermal treatment of gibbsite in contact with Ba(OH)2 solution. In all cases there was a considerable amount of contamination by other substances, often unid entified . A better product was obtain ed by hydrothermal t r eatm ent of BaO.AI20 a.5H20 in contact with barium aluminate solution , at temperatures ranging from 222 0 to 295 0 C (table 2). Similar treatment of 2BaO.Al2-03.5H 20 (described below) at 280 0 C yielded t h e sam e compound. In this case the excess BaO remain ed in solution in th e supernatant liquid . Analyses of three preparations gave the following molar ratio s: BaO:AI20 a:HzO = 1.14:1:1.08; 1.16 : 1 : 1.01; 1.12: 1: 0.99. The relatively good agreement suggests th at the departure from a 1: 1 ratio may not b e du e to impurities, as was fu'st FIGURE 6. BaO.Ah03. H20 . Magnificatian , X120. believed. It may indicate , instead, that the simple formula given is incorrect, or that solid solution may occur. In the absence of further evid ence, however , the formula BaO.Alz0 3.H 20 will b e used for convenience.
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This compound b elongs to th e cubic system and has an index of 1.644. X-ray data are given in table 1. 2BaO.AI20 a.5H 20 -This compound is precipi tated at boiling temperature from bariwn aluminate solutions over a wide range of concentration. It may b e prepared r eadily by boiling a lliixture of gibbsite and barium hydroxide solution, the concentration of the latter b eing of the order of 50 g BaO p er liter. The hydrate forms a cak ed mass around the particles of gibbsite. If th e solution is then filter ed and the filtra te concentrated by boiling, a reasonably pure preparation of 2BaO.A120 3.5HzO will b e obtained. The product is coarse grained and relatively resistant to attack by water and dilute HCI ( fig. 7) . Analyses of t wo such preparations gave the molar rat ios Reflected light, magnifica ti on, X II. iVlalquori's solubility diagram [2] indicates that , 213aO.A120 3.5H20 is the stable solid phase in contact with barium aluminate solution over a certain range of concentration at 20° C. In the present investigation it ha.s been obtained only from boiling solutions; at 30° C only the 1: 1 (or 1.1: 1) barium aluminate hydrates have b een precipitated, cvcn from solution s saturated wit h respcct to Ba (OH)2.8H20. As fl, preliminary determination of the stability of th e 2 : 1 : 5 com.-pOtll1d at room temperature, equal quantities of the soliel were placed in contact with barium alum inate solutions of five difFer ent concentrations up to saturation with r esp ect to Ba(OH)2.8H20 , ancl k ept for seve ral months. The solution s wer e analyzed from time to time. In every case, the solid d issolv ed slowly and in congruently wi th a Barium Aluminate Hydrates slow in crease in the ratio of BaO to Al20 3 in solution. These results require further confumation but they strongly suggest that 2BaO.Ab0 3.5H20 is not stable in contact with barium aluminate solution s at room temperature. The slowness with whi ch it r eacts with water may eas ily lead to an erroneou s assumption of eq u ilibrium.
The X-ray powder diagrams and th e photomicrographs were made by NIrs. E. Golovato ancl the thermal analyses by E . S. Newman, both of this Bureau.
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